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We propose an original method to couple light into a whispering-gallery mode resonator. This method benefits
from the mode selectivity and robustness of the prism-coupling along with the single-mode propagation of
the fiber taper. It consists in a prism shaped crystal with a waveguide inscribed inside it. The waveguide is
self-inscribed in-situ by beam self-trapping to allow an optimum coupling to a given resonator.
Since the seminal paper of Tien and Ulrich [1], prism
coupling has been a very successful coupling method. It
was the natural choice in the late 80’s to characterize
high-Q resonators [2]. Later on, a new method involv-
ing side-polished or fused-fiber taper took over with the
benefit of optical fiber compatibility [3, 4]. In the prism-
coupling method, the total internal reflexion (TIR) upon
the internal face of a prism is used to produce an evanes-
cent field that couples with a whispering-gallery mode
(WGM). A proper adjustment of the angle of incidence
enables to fine tune the propagation constant and insure
the phase matching with the WGM. For best coupling,
the incident-beam size should be as close as possible to
the WGM size. To satisfy this criterion, light is usually
focused upon the coupling surface. However, focusing
too much eventually leads to the coupling of neighbour
WGMs with close propagating constants. Consequently,
a compromise had to be found leading to an awkward
method. In the tapered fiber method, a standard optical
fiber is pulled when heated by a gas-burner or an electric
heater. The waist of the fiber is then adiabatically re-
duced along the fiber. As the guided mode propagates,
it reaches the smallest diameter region (typically 1 µm)
where the light is guided by TIR at the interface be-
tween silica and air. Due to the small core diameter, the
evanescent field extents in air, thus couples to the WGM
resonator. Unfortunately, this method suffers from the
inherent fragility of the device. All the more, a good
control of the fusion-pulling process is needed to reach
the proper propagating constant, hence, a less flexible
method compared to the prism coupling [4].
In this paper, we propose an alternative method com-
bining the flexibility of the prism-coupling and a guided
propagation. We use a prism-coupling set-up that in-
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volves a prism made of a nonlinear material. The prism-
coupling configuration enables to fine tune the phase
matching at low power. At high power, the light beam
induces its own waveguide thanks to the optical nonlin-
earity and is thus self-confined, and travels like a mode,
that is a typical feature of the tapered fiber coupling
method. As the beam goes through TIR, it is coupled
to a silica micro-sphere resonator. The reflected beam
at the output of the prism is confined and the WGM
resonance is observed.
An isosceles prism is diced from a z-cut stoichiomet-
ric LiNbO3 0.5 mm thick wafer. This crystal features
a photorefractive effect that is strong enough to ob-
tain self-guided beam at low light power with good 2-
D stability[5]. The optically induced waveguide were
proven to last longer than a month [6]. In order to ob-
tain the self-focusing and the inferred waveguides, we
need a focusing nonlinearity, that can be obtained ei-
ther by applying a high voltage across the sample or
by slightly raising the crystal temperature to exploit
the pyroelectric effect [7]. Note that this method was
proven to be compatible with fiber coupling for infrared
wavelengths[8], that is also an appealing feature of the
fiber taper method. Since LiNbO3 refractive index is
about n=2.2, the two equal angles of the isosceles prism
are chosen to be 37.4◦ to match the refractive index of
the silica microsphere. The optical set-up is described in
Fig. 1(a). The polarized beam of a tunable laser with a
650-660nm wavelength range (Newfocus Velocity 6305)
is coupled into a Polarization Maintaining Fiber (PMF)
in order to get spatial filtering and a convenient control
of the polarization. The output of the fiber is imaged at
the input face of the prism with two lenses (L2-L3) and
a diaphragm D1 enables fine tuning of the beam waist
at the prism input. Part of the beam is reflected at the
prism input and is imaged through L4 on a CCD cam-
era. The launched beam profile can thus be monitored.
The transmitted light propagates inside the prism and is
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Fig. 1. (a) Experimental setup for writing and probing
waveguides inscribed by self-trapped beams. D1,D2: Di-
aphragms. PC: Polarization controller. OD: Optical density.
L1 ,L2, L3, L4 and L5 lenses. PBS: Polarizing Beam Splitter.
HWP: Half-Wave plate. PE: Peltier Element. (b) Diffracting
beam at low power. (c) Self-trapped beam.
subject to TIR on the opposite face where the coupling
with the micro-resonator occurs. The relative position
between the resonator and the prism is controlled by a
3-axis stage. After reflection upon the coupling area, the
reflected beam reaches the ouput face of the prism and
is imaged on a second CCD thanks to lens L5.
The optimum coupling angle is found in two steps.
First we search for the proper angle that enlighten the
micro-resonator at binocular sight. Then the beam is fo-
cused with L3 at the TIR point to optimize the coupling
surface area, and we search for resonances. Once the
proper angle is found, we pull back L3 to focus on the
prism input with the desired beam width for the nonlin-
ear regime. The self-trapped beam is obtained thanks
to the photorefractive effect that will be discussed in the
following paragraph.
In the linear regime, the light diffracts freely in the
crystal as shown in Fig 1(b). In the non-linear regime,
we slightly increase the temperature of the LiNbO3 crys-
tal. A pyroelectric internal electric field ∆Epy appears
and decreases the refractive index all over the crystal
because of the Pockels effect. However, at the input
of the crystal, the focused beam generates free elec-
trons because of the photoelectric effect. Those optical-
generated free carriers drifts along the c-axis because
of the pyroelectric field and recombine. The resulting
space-charge field E partially screens ∆Epy. In the area
where the field is screened, the refractive index is less af-
fected which results in a localized high refractive index
that eventually traps the light beam (Fig. 1(c).). Be-
cause the space-charge field E results from deep-center
recombination, the resulting waveguide lasts even if the
temperature is lowered. In our set-up, a Peltier element
is placed under the crystal to control its temperature as
depicted in Fig 1(a). In LiNbO3 crystals, a moderate
temperature increase ∆T = 20◦C leads to an internal
electric field as high as ∆Epy = 47kV/cm [7, 9]. For
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Fig. 2. (a) Injected beam profile. (b) Diffracting beam pro-
file at low power. (c) Self-trapped beam in nonlinear regime.
strong-coupling efficiency, the beam profile should be as
similar as possible to the microsphere mode size to max-
imize the overlap between the evanescent part of the
fields. However, for WGMs, a weak-coupling regime is
usually preferred to keep the Q-factor high. Analytic
calculations show that high-Q WGMs are present in our
laser tuning range with a beam FWHM around 5µm [10].
We choose a trade-off input beam of 18 µm FWHM that
is typical for self-focussing experiment in LiNbO3 as de-
picted in Fig. 2(a). In Fig. 2(b), the beam observed
at the output face is reported in the linear regime as
witnessed by the diffraction of the beam. Note that no
resonance was observed in this configuration, because of
the poor overlap between the diffracted beam and the
WGM. To reach the nonlinear regime, the pyroelectric
effect is triggered with a temperature increase of the
LiNbO3 sample of ∆T = 33
◦C and the light power is
raised to 152 µW. In about an hour, the beam is self-
focused thanks to the photorefractive effect. In Fig. 2(c),
the crystal output beam is shown, a clear confinement
is seen. It has a 16.6 µm FWHM along the vertical axis
(c-axis) and 42.9 µm along the horizontal one. As a
result, the overlap between the beam and the WGM is
improved and WGM resonances can be measured. The
output camera is replaced with a photodiode and the
laser frequency is periodically swept over few tens of GHz
as depicted in the inset of Fig. 3. The measurement is
typical of a high-Q resonator hysteretic frequency re-
sponse. The WGM resonance is broader for increas-
ing frequency sweep as the thermal nonlinearity of the
resonator shifts the resonance in the same direction as
the laser frequency. When the laser frequency is shifted
backward, the resonance is still shifted upward and does
not follow the resonance anymore, as a consequence a
thiner resonance peak is obtained[2, 11]. The resonance
dip reported in Fig. 3 corresponds to a forward sweep.
A raw Q-factor of the WGM over 90000 is deduced from
the 5 GHz width of the dip in transmission. An analytic
calculation of the WGMs of the sphere with parameters
(l,m,n) as described by Little et al.[10] shows that for
500 < l < 900 up to 11 modes can be found within the
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Fig. 3. Detail of the whispering-gallery-mode resonance.
Inset: Large-scale scanning of the resonance. Dashed line
shows the wavelength scanning with respect to time.
100 GHz scanning range of our experiment. However,
only one of these modes is a fundamental mode (l = m).
The presence of only one dip in the measured spectrum
is therefore a confirmation of the good modal selectivity
of our method.
Note that once the writing phase is realized a waveg-
uide is inscribed in the prism. This waveguide has the
proper characteristics to guide light with the right tra-
jectory and the adapted mode profile to couple effi-
ciently to the resonator. It takes advantage of the unique
properties of self-alignment and confinement provided by
trapped beams.
To conclude, we have reported light coupling in a
WGM resonator with the help of a self-trapped beam.
This original configuration gathers both the flexibility
of the prism coupling and the benefit from the waveg-
uide confinement. In addition, it is mechanically more
robust than the fiber-taper method. Improvements of
the method are foreseen by optimizing the output beam
shape through a better control of the dynamic of the
nonlinear effect. The concept can be extended to other
photosensitive materials such as photopolymers to fab-
ricate permanent sturdy coupling to resonators.
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